Introduction {#sec1}
============

The outbreak of the 2019 coronavirus disease (COVID-19) in China's Hubei province quickly spread nearly all over the world, with staggering medical, social and economic consequences.[@ref1] Worldwide, the pandemic accounts for more than 10 million confirmed cases and 500 000 deaths. While the USA, Brazil, Russia or UK presented the highest absolute numbers, Belgium, UK and Spain had the highest death rates.[@ref2]^,^[@ref3] Thus, the figures made available in Spain by the Ministry of Health on 30 June 2020 showed 249 271 confirmed cases (5986 cases x 100 000 inhabitants), of which 125 183 were hospitalized and 11 664 required intensive care. Finally, this disease accounted for 28 355 deaths, with a case-fatality rate of 11.4%.[@ref4]

Several authors have posed a possible socioeconomic gradient in the COVID-19 outbreak[@ref5] and differences in knowledge, attitudes and practices towards COVID-19 by socioeconomic status.[@ref8]^,^[@ref9] Health inequalities have been pointed out in the context of the pandemic, not only in low- and middle-income countries, but also in high-income countries among deprived populations (e.g. having low income or lacking health insurance).[@ref10] In addition, the COVID-19 crisis has revealed the fragility of ageing societies to cope with infectious diseases in modern times. Indeed, individuals older than 70 years accounted for more than 85% of registered deaths in Italy.[@ref14] However, few studies in high-income countries have analysed the age-adjusted impact of the COVID-19 pandemic in deprived and non-deprived areas, as measured by average income.

The objective of this study was to analyse the differences in COVID-19 age-standardized incidence rate by mean income of the 10 districts of the city of Barcelona.

Methods {#sec2}
=======

For this ecological study, all cases of COVID-19 confirmed by polymerase chain reaction (PCR) for which data were available to ascertain the patient's primary care centre in the city of Barcelona were extracted from the official COVID-19 registry of the Catalan Government's Department of Health. The primary care centres were then classified according to their corresponding district in order to obtain the total count of cases by district from 26 February 2020, when the first case reported in the city,[@ref15] until 19 April 2020. The most recent (2017) information on the average income by district was extracted from official data provided by the Barcelona City Council. The estimate used was the Family Available Income per capita, which considers the income available for consumption and accumulated savings per person.[@ref16] This analysis followed the regulations in European Union law on data protection and privacy for all individuals within the European Union (GDPR/2018), the Declaration of Helsinki on ethical principles for medical research involving human subjects.

The crude incidence rates were estimated per 10 000 individuals, assuming the age distribution (\<25 years, ≥25 and \< 40 years, ≥40 and \< 65 years and ≥65 years) of COVID-19 cases in Barcelona was similar to that reported for Spain.[@ref17] To standardize the incidence rates by age, we used the direct method with the 2018 European population as the reference.[@ref18] Age-adjusted cumulative incidence was calculated with the corresponding 95% confidence interval (95% CI). To ascertain the statistical association between the age-adjusted incidence rate and the mean income by district, Spearman rho was adjusted. The analysis was performed with R statistical software (version 3.6.3) and Epidat software (version 3.1).

Results {#sec3}
=======

Our estimates showed an overall cumulative incidence rate in Barcelona of 49.24 cases per 10 000 inhabitants between 26 February 2020 (date of first reported case in the city) and 19 April 2020. The ecological analysis to assess case distribution by district found that the lower the mean income, the higher the COVID-19 incidence (Spearman rho = 0.83; *P* value = 0.003) ([Fig. 1](#f1){ref-type="fig"}). The districts with the lowest per capita income had the highest incidence of COVID-19 per 10 000 inhabitants, whereas the districts with the highest mean income had the lowest incidence ([Fig. 2](#f2){ref-type="fig"}). Specifically, the incidence rate in the most deprived district (Nou Barris) was 2.5 times higher than the district with the highest socioeconomic level (Sarrià-Sant Gervasi). There are two exceptions on the gradient, Sant Andreu and Ciutat Vella. The divergent results in the Sant Andreu district could be explained by the high percentage (25%) of residents younger than 25 years, who are less vulnerable to COVID-19. In the district of Ciutat Vella ('Old City'), the results reflect the reality of this high-tourism area: low mean income in a relatively young population (\>30% aged 25 to 39 years) and a high presence of non-resident foreign population (\>25%). This also makes COVID-19 surveillance more difficult, as the public health system's primary care settings are oriented to residents, while visitors would be served by emergency rooms and private clinics.

![Average income and age-standardized incidence rates by district.](fdaa136f1){#f1}

![Map showing the 10 districts of Barcelona, classified by quartiles (Q) of mean income in euros (Q1 \< 17 418; Q2 ≥ 17 418 and \< 18 910; Q3 ≥ 18 910 and \< 25 874; Q4 ≥ 25 874) and showing the age-standardized incidence rate (95% CI). Base layer extracted from icgc.cat.](fdaa136f2){#f2}
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The COVID-19 incidence rate from 26 February 2020 to 19 April 2020 followed a socioeconomic gradient in Barcelona. Thus, the highest age-standardized incidence rate was observed in the most socioeconomically deprived district. This rate was 2.5 times greater than that observed in the district with the highest mean income. In addition, we observed a sustained and significant upward trend in the incidence of COVID-19 according to declining mean income by district.

Regarding our results, a report has shown substantial variation in the rates for COVID-19 hospitalizations and deaths across the New York City boroughs. The Bronx---the borough with the highest proportion of racial/ethnic minorities, the most persons living in poverty and the lowest levels of educational attainment---had higher rates of hospitalization and death related to COVID-19.[@ref6] In a recent report of the UK Biobank, striking gradients in risk of hospitalization for COVID-19 were noted according to race and a metric of socioeconomic deprivation.[@ref12]

Improvements in the health literacy of citizens, defined as people's knowledge and capacity to obtain, process and understand health information and services to make appropriate health decisions, could help to reduce the risk of infection spreading and increase understanding of the need for social responsibility and adherence to disease prevention measures.[@ref19] Along this line, Zhong *et al*.[@ref8] showed that Chinese residents of relatively high socioeconomic status, and particularly women, had good knowledge, optimistic attitudes and appropriate practices towards COVID-19 during the initial rapid rise of the COVID-19 outbreak. In addition, racial disparities in knowledge, attitudes and practices regarding COVID-19 were described in the USA.[@ref9] Thus, understanding community risk and making decisions about community mitigation, including social distancing and strategic healthcare resource allocation, requires monitoring the numbers of COVID-19 cases, deaths and changes in incidence in small, well-characterized areas of the general population.[@ref20]

Our results pointed out that efforts to contain an epidemic cannot ignore health equity issues. As the most deprived areas in Barcelona had the highest COVID-19 incidence, disease-control efforts should be more intensive in districts with the most marginalized and vulnerable population. In addition, ensuring equal treatment opportunities for all is key, but financial protection during outbreak also matters greatly.[@ref21] The link between poverty and disease has already been explored in depth. If this vicious cycle is not broken, local problems of health inequity will remain or could even be exacerbated in areas experiencing an epidemic.[@ref11] Previous studies have observed that the prevalence and severity of the COVID-19 pandemic is magnified because of the pre-existing epidemics of chronic disease,[@ref22]^,^[@ref23] which also are socially patterned and associated with the social determinants of health.[@ref24]^,^[@ref25] For instance, in a large cohort in Louisiana (USA), 76.9% of the patients hospitalized with COVID-19 and 70.6% of those who died were Black, whereas only 31% of this ethnic group receives routine health care. Black patients in that cohort had higher prevalence of obesity, diabetes, hypertension and chronic kidney disease at baseline than white patients.[@ref26]

Bambra *et al*.[@ref6] point out the rise of a syndemic, defined as a set of closely intertwined and mutual enhancing health problems that significantly affect the overall health status of a population within the context of a perpetuating configuration of noxious social conditions. This concept is rooted in Dahlgren and Whitehead's classic model of the determinants of health, which shows that individual lifestyles are embedded in social norms and networks and in living and working conditions, which in turn are related to the wider socioeconomic and cultural environment.[@ref27] Thus, inequalities in chronic conditions arise as a result of inequalities in exposure to the social determinants of health: the conditions in which people 'live, work, grow and age'. These include working conditions, unemployment and access to essential goods and services (e.g., water, sanitation and food), housing and health care.[@ref6] Several plausible explanations can be suggested for the low rates observed in the districts with the highest socioeconomic level. First, the work environment mediates a large part of the social gradient in the incidence of several common cardiovascular risk factors as shown in the Gazele cohort. [@ref28] The authors discuss the need to include working conditions in policies aimed to reduce social inequalities in health. According to the Economic Co-operation and Development (OECD) report, workers possessing higher levels of skills were significantly more likely to telework when the COVID-19 crisis generated lockdowns that completely changed the working arrangements for millions of workers. Although employers were encouraged to develop home-based teleworking, the likelihood of this option was lower for those without tertiary education, with limited numeracy and literacy skills, and lacking adequate access to technology. The pandemic also exacerbates existing labour market inequalities, and the extent to which these inequalities could further worsen amidst intensified technology adoption in the pandemic's aftermath.[@ref29] As Hamidi *et al*.[@ref30] pointed out, commuter transportation systems are the most significant risk factor for the spread of the COVID-19 pandemic, even greater than population density. A case study performed in Italy shows a direct relationship between daily cases and mobility choices in the preceding 21 days.[@ref31] Thus, workers with no possibility for home-based teleworking, many of them doing unskilled labour, were likely to have high-risk exposure during the pandemic. Finally, the strong links between housing and health could also be contributing to inequalities in COVID-19 incidence and outcome.[@ref6]^,^[@ref32] Poor-quality housing is associated with overcrowding, which results in higher infection rates,[@ref33] and lower socioeconomic groups have increased exposure to poor-quality or insecure housing and therefore have a higher rate of negative health consequences.[@ref34] In our study, the use of second homes for the confinement period also could have contributed to the low rates observed in the more privileged districts of Barcelona.

Our study has several limitations. The results were standardized by age because individuals aged 65 and older are more vulnerable to COVID-19 infection; however, we assumed the age distribution of COVID-19 cases of the whole Spanish territory for our population area. Nonetheless, the distribution in Spain is similar to that of several other western European countries (e.g. Italy,[@ref35] Netherlands,[@ref36] Portugal [@ref37] or Sweden [@ref38]); thus, the distribution in Barcelona is likely to be similar despite potential internal differences across Spain. In addition, the age distribution could differ between the city districts, particularly in Ciutat Vella, with its large population of foreign non-residents and tourists. Despite age-standardization, some residual confounding may exist in the incidence rate calculation, particularly in districts with a high percentage of younger residents (e.g. Sant Andreu and Ciutat Vella). The ecological nature of our analysis, using aggregated data, has intrinsic limitations because variation within districts (i.e. small areas) is not considered. More in-depth analysis should be considered to improve our knowledge on this topic and inform public health strategies for disease prevention.

Conclusion {#sec5}
==========

The incidence of COVID-19 presented an inverse socioeconomic gradient in the city of Barcelona according to average income by district. Attention should be focused not only on care for people with the disease but also on devising a health strategy for the whole population that promotes and supports good public hygiene practices and health literacy, particularly adapted to the most deprived areas. Further studies are required to analyse whether the mortality from this infectious disease shows a similar pattern.

Funding {#sec6}
=======

M.G. was sponsored by Carlos III Health Institute FEDER (CPII17/00012).

Conflict of interest {#sec7}
====================

The authors declare no conflict of interest.

The authors are grateful to Oriol Baena for the assistance with the graphic plots and to Elaine Lilly PhD for the English review.

**Jose Miguel Baena-Díez,** Medical Doctor

**Maria Barroso,** Medical Doctor

**Sara Isabel Cordeiro-Coelho,** Medical Doctor

**Jorge L. Díaz,** Medical Doctor

**María Grau,** Medical Doctor, Doctor in Public Health
